The conclusions of the paper by Lim et al., in this issue of Eurosurveillance, assessing the relevance of a pertussis cocoon immunisation strategy in Ontario, are somewhat disappointing [1] . The authors estimate the number of persons that need to be vaccinated (NNV) in order to prevent an infant pertussis hospitalisation or death at 12,000 to 63,000 and 1.1 million to 12.8 million, respectively and conclude to the 'inefficiency inherent to this approach'. These high NNV seem little debatable -the analysis is well conducted. Furthermore, the authors have explored in their sensitivity analysis various assumptions and values that could have led them to overestimate the NNV in the base-case analysis. Their conclusions are robust and in line with a similar study conducted in Quebec and British Columbia for the years 2005 to 2009, which also concluded that 'in the context of low pertussis incidence, the parental cocoon strategy is inefficient and resource intensive' [2] .
The idea behind the cocoon strategy is attractive in principle. Available pertussis vaccines and vaccination strategies do not allow the elimination of pertussis. Even a combination of very high vaccination coverage in infants, with additional boosters later in life, does not induce sufficient herd immunity to prevent the circulation of the bacteria in adults. This leaves us with a persisting burden of the disease and the resulting mortality is almost exclusively concentrated in the first weeks or months of life. This is due to a combination of two factors. Firstly, even though pertussis can be severe at all ages, it is most severe in infants and may lead to pulmonary and neurological complications and death. Secondly, newborns remain susceptible to pertussis until they receive at least the first dose of a pertussis-containing vaccine, which in all European Union Member States is given at two or three months of age. In the absence of pertussis vaccines for use in the neonatal period, young infants can thus only be indirectly protected. This can be achieved through vaccinating those who are most likely to contaminate them. This seems to make sense, given that very young infants have limited social contacts and the potential main contaminators are probably not too numerous and easy to identify. Indeed, countries having embarked on such a strategy mainly target household members for vaccination and such choice is supported by data. A recent review has concluded that, when the source of pertussis transmission to infants less than six months old is identified, parents contribute with between 39% and 57% and siblings with between 16% and 42% [3] .
In this context, what conclusions can be inferred from Lim's results? The answer is not straightforward and needs further consideration.
Lim et al. cautiously point out that their conclusions stand for Ontario, which has a very low burden of severe pertussis in infants, and may not be relevant to contexts with different pertussis epidemiology. In addition to this, one needs to keep in mind the cyclical pattern of pertussis epidemiology. What is true for a period of low incidence may not apply during periods of resurgence of the disease. In France, 10 infant deaths were registered in 2000 and 2005, at the peak of epidemic cycles, and in the United Kingdom, 14 infant deaths were registered during the 2012 pertussis resurgence, making protection of young infants worth considering [4] [5] .
In their paper, Lim et al. measure the relevance of the immunisation strategy through the NNV. This metric represents the ratio of newly vaccinated individuals to cases prevented. It is defined as the reciprocal of the product of the vaccine effectiveness by the attack rate in the unvaccinated. Putting aside the imperfect effectiveness of a vaccine, the NNV is a reflection of the risk of the disease in the absence of vaccination. While this approach is definitively very informative, it only reflects the epidemiological benefit of the vaccination. Vaccination decisions usually also consider the riskbenefit balance and the cost-effectiveness ratio. If a vaccine is perfectly tolerated, with no detrimental indirect effect, the risk-benefit balance may be in favour of vaccination, even with a high NNV. In adults primed with pertussis whole-cell vaccines, the addition of an acellular pertussis component does not modify the safety profile of the Tetanus-Diphtheria (Td) boosters, at least for the first doses [6] . If a vaccine is cheap and adds only little to the costs of a programme, the costeffectiveness ratio may again be favourable even with a high NNV. Two Dutch studies have looked at the costeffectiveness ratio of a pertussis cocooning strategy [7] [8] . They come to conflicting conclusions in the basecase analysis with cost-effectiveness ratios of 4,600 and 89,000 EUR, respectively, per quality-adjusted life year (QALY) gained as compared to the Dutch (unofficial) cost-effectiveness threshold of 20,000 to 50,000 EUR/QALY gained [7] . The differences mainly reflect diverse assumptions regarding the level of underreporting and duration of the disease. However, in the sensitivity analysis of the least favourable study, the combination of the most favourable assumptions of the variables leads to a cost-effectiveness ratio of only 21,000 EUR/QALY gained. In contrast to these positive results, an Italian study has, similarly to Lim et al., concluded that cocooning would be poorly efficient, based on costs of over 100,000 EUR per hospitalisation avoided [9] .
In addition to considering costs, it is important to look at feasibility and acceptability of vaccination strategies. The pertussis cocooning immunisation requires administering unneeded diphtheria and tetanus boosters, as there is no monovalent pertussis vaccine available to date. Moreover, it does not easily fit into existing vaccination practices as it cannot rely on an already implemented vaccination strategy targeting members of a family. One would imagine that the acceptability of household members for a vaccination aiming at preventing risk of a severe disease for the young infant in the happy context of a future or recent birth, should be high. However, such an optimistic view remains to be confirmed in real life. The recommendation of an adult pertussis booster dose that relies on the simple substitution of a pertussis-containing vaccine (Tdap) at the occasion of a planned Td, as implemented in Ontario and elsewhere, appears easier to implement than the cocooning strategy. However, had solely the NNV to prevent a hospitalisation or a death been used to decide on this strategy, it would probably not have been implemented. Hospitalisations and deaths due to pertussis in adults are respectively very rare and almost inexistent. At the same time, such a strategy can only impact on severe cases in infants when the vaccine is given by chance to an adult who is or will be in the next years in regular close contact with an infant. Only if regular boosters were proposed, could a significant impact on infant pertussis be expected through herd immunity. Still, the NNV to prevent a pertussis case in adults is currently challenged by the likely shorter than expected duration of protection conferred by boosters, as suggested by recent data in adolescents [10] [11] .
There are nevertheless some new approaches that give hope for improving the protection of the very young such as the promising preliminary results of the temporary maternal pertussis immunisation strategy implemented in England since 2012 [12] . Pertussis is the single 'old' vaccine-preventable disease that resists vaccination and even mocks us with its resurgence observed in many places in the recent years, despite high vaccine coverage in children and booster doses added in the immunisation schedules at different ages. Even if adults will probably continue to suffer from exhausting coughs due to pertussis for many more years, we may soon have new vaccination strategies at hand, namely maternal or neonatal vaccinations, to eliminate infant pertussis deaths. These are of course subject to the absence of any safety issue and to high acceptability of the strategy and to the various NNV. New calculations, new debates to come…
